The defining neuropathological feature of Parkinson\'s disease (PD) is the loss of nigrostriatal dopaminergic (DA) projections. This results in a biochemical reduction of striatal dopamine levels and movement disorders, such as a tremor at rest, rigidity of the limbs, bradykinesia, and postural instability (Kim et al., 2011; Kim et al., 2012; Burke and O‐Malley, 2013; Leem et al., 2014; Nam et al., 2014). Because the etiology of PD is not fully understood, it cannot guide the development of knowledge-based targeted therapeutics. However, one treatment area that has gained significant momentum is the use of various growth factors, such as glial cell line-derived neurotrophic factor (GDNF) and brain-derived neurotrophic factor (BDNF), which are indispensable for the survival of DA neurons (Leem et al., 2014; Nam et al., 2014). GDNF and BDNF are important trophic factors involved in the survival of neurons (Nam et al., 2014). Treatment with GDNF and BDNF is consistently neuroprotective in many animal models of PD. Conversely, conditional ablation of GDNF in adult mice results in a delayed and progressive loss of DA neurons, and infusion of an antisense oligonucleotide specific to BDNF results in anatomical, neurochemical, and behavioral deficits associated with PD (Nam et al., 2014). However, there is a critical problem in the use of these factors as a treatment for PD: they do not cross the blood-brain barrier, which is the membrane protecting the brain from exogenous pathogen/toxic agents through the structural and functional complex. Moreover, clinical trials using intracerebroventricular injection and intraputaminal infusion of GDNF failed to be effective in patients with PD, probably because of limited penetration and distribution to target brain areas (Peterson and Nutt, 2008; Nam et al., 2014). Thus, the utilization of GDNF and BDNF in clinical pharmacology and other therapeutics for PD will be dependent upon sustained delivery of the appropriate amount of these factors to target areas in a safe and efficacious manner without producing adverse effects (Jung and Kim, 2014).

Mammalian target of rapamycin (mTOR) kinase exists in two complexes, mTOR complex 1 (mTORC1) and mTORC2, which play central roles in the integration of cell growth in response to environmental conditions, including growth factors, amino acids, energy substrates, and oxygen (Kim et al., 2012). mTORC2 activates Akt by Ser473 phosphorylation, whereas mTORC1 is an important mediator of many effects of Akt on cell growth that are induced by growth factors (Kim et al., 2012). The activation of mTORC1 can phosphorylate and activate ribosomal S6 kinases (S6K1 and S6K2) and inhibits the translational regulator, 4E-BP1. This results in phosphorylation of its downstream effectors that increase mRNA translation involved in cell growth and survival (Han and Sahin, 2011; Kim et al., 2012; Nam et al., 2014).

The cellular effects of GDNF and BDNF are mainly initiated by their binding to specific receptors, such as GDNF family receptor alpha-1 and tropomyosin receptor kinase B, respectively. Treatment with GDNF and BDNF activates the Akt/mTOR signaling pathway in neurons (Nam et al., 2014). Activation of the Akt/mTOR signaling pathway enhances the activity of intracellular cell survival pathways under a variety of conditions, such as the trophic factor withdrawal, ischemic shock, and oxidative stress (Leem et al., 2014; Nam et al., 2014). Moreover, consistent with the decreased levels of GDNF and BDNF in PD brains, decreased levels of Akt phosphorylation, which results in a loss of mTORC1 activation, is observed in the substantia nigra of patients with PD. This is also seen in the 1-methyl-4-phenylpyridinium (MPP^+^) model of PD, which mimics the phenotype of patients with PD (Selvaraj et al., 2012; Nam et al., 2014). These results indicate that the support of neurotrophic factors and the activation of the mTORC1 signaling pathway are necessary for the survival of DA neurons and functional maintenance of the DA system in the adult brain (Jung and Kim, 2014; Leem et al., 2014; Nam et al., 2014). Therefore, replacement strategies supporting activation of mTORC1, instead of GDNF and BDNF, can be useful to treat neurodegenerative diseases, such as PD.

We have previously reported that the activation of mTORC1 by adeno-associated virus 1 (AAV1) transduction with a gene encoding the constitutively active form of human ras homolog enriched in brain (hRheb) with a mutation of serine to histidine at position 16 \[hRheb(S16H)\] could induce trophic effects. This resulted in the protection and restoration of DA neurons in the 6-hydroxydopamine (6-OHDA)-treated model of PD (Kim et al., 2011, 2012). However, it was largely unknown whether the activation of mTORC1 could reproduce neurotrophic factors through intracellular signaling pathways in adult neurons of the brain. Recently, we have found that hRheb(S16H) expression by a viral vector could robustly induce GDNF and BDNF in adult DA neurons *in vivo*, which was significantly attenuated by treatment with rapamycin, a specific mTORC1 inhibitor (Nam et al., 2014). In addition to the induction of neurotrophic factors, our results using neutralizing antibodies against GDNF and BDNF have shown that Rheb(S16H)-induced trophic factors contribute to the protection of nigrostriatal DA projections *via* a synergetic mechanism in the MPP^+^-treated rat model of PD (Nam et al., 2014). These results suggest that a specific gene delivery to DA neurons in the substantia nigra, which can enhance the activation of mTORC1, results in the sustained production of diverse neurotrophic factors that are involved in the maintenance and protection of the nigrostriatal DA system in the adult brain.

Similar to application of neurotrophic factors, brain surgery is necessary to apply the viral vectors to patients with PD. Although gene therapy using viral vectors to treat patients with PD is still ongoing, the issues of brain surgery suggest that other alternatives, such as natural compounds showing neurotrophic effects through internal medication, can be beneficial to prevent the degeneration of nigrostriatal DA projections in the adult brain (Jung et al., 2014). A recent important report has shown that naringin protects nigrostriatal dopaminergic projections in a neurotoxin model of PD (Leem et al., 2014). Naringin is a major flavanone glycoside in grapefruits and citrus fruits. It has been considered a protective agent against neurodegenerative diseases because it can induce anti-oxidant and neuroprotective effects *via* the induction of neurotrophic factors, such as BDNF and vascular endothelial growth factor, and activate anti-apoptotic pathways (Jung and Kim, 2014; Jung et al., 2014). However, it was unknown whether naringin has neuroprotective effects against the degeneration of nigrostriatal DA projections in the adult brain. Recently, we have demonstrated that naringin protects nigrostriatal DA projections in rat brains (Leem et al., 2014). Our results have shown that intraperitoneal injections of naringin significantly increase the level of GDNF and activate mTORC1 in nigral DA neurons. In addition, naringin-induced GDNF increase contributes to the neuroprotection of nigrostriatal DA projections in a neurotoxin model of PD (Leem et al., 2014). There is a lack of evidence of the neuroprotective roles of naringin in clinical trials and the mechanisms of naringin-mediated effects in DA neurons are still not fully understood; however, these results suggest that specific flavonoids, such as naringin, may be beneficial natural products that offer promise for the prevention of neurodegeneration.

In conclusion, hRheb(S16H) has robust trophic and protective effects on nigrostriatal DA projections in the adult brain. The sustained production of GDNF and BDNF *via* an mTORC1-dependent pathway contributes to neuroprotection in animal models of PD (Nam et al., 2014). Similar to these effects, naringin can induce the production of GDNF in adult DA neurons, highlighting it as a therapeutic agent against neurodegeneration through mTORC1 activation (Leem et al., 2014). Although more research is necessary to support these results and to optimize treatment methods, our observations suggest that activation of mTORC1 by specific gene delivery or treatment with specific compounds can induce the production of neurotrophic factors, such as GDNF and BDNF, in DA neurons ([**Figure 1**](#F1){ref-type="fig"}). This may be a useful strategy to protect and maintain the nigrostriatal DA system in the adult brain.
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